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a three year perlod in the public schools of Champalgn and Urbana,
Illipois. This brief repogm describes the project in. terms of the
student session, curriculum, educatlonal effectiveness, and data

. feedback to. teachers. Descrlpt;ons of 19 leéssons on a variety of
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‘'Illincis, this courseware has been used in elghteen classrooms bv approx-
imately 700 fourth, fifth, and sixth grade students for.a total of about

The PLATO Elementary Mathematics Project T e,

.

For the past five years a team at the Computer—based Education
Resear¢h Laboratdry: at the Unlvers1ty of Illinois, under the direction of
Robert B. Davis, has been developing, implementing, and . testing computer- "
based mathematics courseware for the intermediate grades. During a three

¥ear trial in cooperatlon with the public schools in Champaign and Urbana,

43,000 hours of instruction delivered. Each participating classroom is
equipped with four PLATO terminals. Each teacher has worked out a schedule = ~—
for ruse of the terminals so that every student can pse’PLATO;daily:$“~

The Student Session - .
e , SRR .
L3 .

~Each student uses a PLATO ‘terminal for about thirty mlnutes each
day. (The teacher' specifies how long each student's sess;ons will be - o .
usually between 20 and 35 mimutes.) During this time, PLATO offers the-
tudent a variety of approprlate lessons to work oOn. A typlcal session
might proceed as .follows: MU - REE R ,-
3 D

First, a few mlnutes.of quick review'exercises, probably related
to the lessons the student will work on later in the session;

. Second, a list of several approprlate instructional lessons for ’ f{
the- student to choose ;Exrom. These lessons are the main materlal
", that the student is worklng on. As the student masters skills and
' concepts presented ih thesé lessons, new lessons are added-to the

chplce llSt and the completed lessons may be drogped. o

S

4 . “
;‘Last,‘a llst of several general experlence léssons for the student
‘to-Choose from. Some of thesé lessons. are games . that reinforce ' X&'
.recently learned mathematical skills. Others may encourage explor- :
.ation of new and dlfferent ideas- and, strategles or provide practlce RN
- 1n prev1ously learned skllls. . e . : :

L * -

*Fundlng for this progect has been prov1ded by. the Natlonal Science
Foundatlon and the State of Illln01s . : , -

-
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- LT . The Curriculumv)j : _ :
< ) - . K - ;
. The’ currently avallable curr:.culum includes about 250 PLATO lessons
R —3 T covers, three. .major areas: - R , - : e -
. - 1. B_slhol(e number ari egic, including
: weveeeem—e 07 % “meaning of operations . Sl T .
o T T ‘ computat.xon {:echnlques and practice L ¢
N « ‘ ~". "algorithms“" - s : . ‘
. . plage value - . 4>/ o . h .
’ - repaming and-symbols - _ .
- ' ; word’ problems N E{ - ' <
' : v . -- o . ‘ ] j : T e g N : !_ \' K e
) . 2.- Fractians, mi%d numbers, -ard decimals, ing¢luding . o
’ : ‘ meanings of fractions and mixed numbers w7
e o equivalent fractions ’ A
S o, add:.;tlon, subtraction, and multlpllcatlon of fractlons “-
‘ . £, {and mixed numbers ) B3 ‘ '
T 3 -, . the meaJ.nJ.ng of decimal numerals >, . //
i ) K . ‘ g " o e . , . . . //" .
. s 3- Graphs, funct:.ons, and var:.ables, J.ncludlng ' . //
- , s1gned[numbers ' S E . Prd
A : : . &arlables and open sentences ) - I .
: . ‘exponents _ ; _ T — . L
© ‘graphing equations .. ) ¥ . T ‘ o e
fuhcti,ons o L. . o : s ’
. o
. , . . < g -, . . -
% e . . . . R . I
’ . The teacher can choose what top:Lc (&L}éch student will study .on : ‘\‘»5
i ‘PLATO. Many ‘of the -topics haﬁle companion bookléts and, worksheets to . .
. help correlate the PLATO lessons with classroom activities. .
The follov'ving pages descri'be some of the eleméntary mathematics .
- . ¥ lessons. - Wlt.h each descrlptlon ‘there are few selectéd screen displays. .
These lessons are represe€ntative of the elementary mathematlcs courseware
> avallable on PLATO. < 3 ) . T b ‘-
- - . . e ~ . .
° ,'I : \:c 3 g 1
. ) ] . * ; ° \‘.b.- - N . . | ’ .
S e - - . P .
I3 o - . a? R
LY - ’() _ N - . L4'
vl % . - €, 4 - . ; \ A
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A Race to Improve Your\Speed with Number Facts -

~ R

previods speed (so winning is based on se-i-
Missed problems are presented again; when he uas»maste d the
problems at one difficulty level he advances to more difficult

problems. . -

Graphs
before
decide
at one
PLATO lim

-~
. .

and after the game.
ere he needs practice.

ts’ h1s~ch01pes.' .

orovementé

eration to the\exclus1on of®areas 1n which
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Iype: game . . : - & 2
Exposure: multiple | ~° . ST .o
- \ . E - @ . ’ V4 .
-Objectives: Student qhickly and accurately answers one—digit addition,
S subtraction, multiplication, and division problems ’
Putbose: Provides a game situation fo drill, practice, and remediation
o in the basic number facts involving the four basic operations.
-~ . '
. s ' { Ce~
Description: Student works 10 problems at a time, attmx----o te.beat ‘his .

= ~

.

and charts show1ng the student's: performance are presented
A student can use this information to-
However if he repeatedly practices
he needs work, .’
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Hure 2 8 probies. o

Subtractlon w1th Stlcks e Part 2

. ‘ ‘ -
How to borrow using sticks

. luntqynnnnl : W“ ; .
48 ” .

t

Mors mares [omene atickn are there now?

Mo read to teke amay 5 Jooasfet, <n.b.n-—oalyr-n3
e can more jooee aticks by o;vemr‘ a bundle. \
°n pen e bundle,

Type:- -
Exposure?
: Y

:/‘
Objective: .

~

Purpose://

)

Description:

,
Lo
xw(t‘\
N Loy
- ®
- "
r
L '
. ,(”.e“ LHB. il there are mo temm in your anmwer. - R
s»-«-nm.rm_mmmuo.t—nn-ecm . . _
> ) N v )
. . } _ T \
instructional, practice ' g : : .
two or three segments (based on performance) . < Ty
last segment repeats for practice.. . o ’
. FU R ) _
. Student works vertical 2—d1g1t subtraction problems from 7 -
1ght to left, using "borrowing" or "breaklng up a ten into’ o
ones" where approprlate. L o < -
) ) T - -t
Relates -the stlcks model.to the standard algorlthm e R
) ) -
PLATO plctorlally shows the stlcks mearing of each d1g1t in .
.a vertical subtraction problem and of each step in the algorithm.
Student works problems with and without the stlcks plctures, . o

including problems ofvhls Dwnrmaklng.k- . Iy

Practice sess1ons~are more frequent for those who make frequent
errors or need the help sequente. ' ~ -

o - pd

~ - .

Reprinted with ﬁermissionrfrom Description &Sf the PLATO Whole Number . ,
Arithmetic Lessons by Bonnie Anderson Seiler and Charles S. Weaver;

.

- © 1976 Board of Trustees of the Un1vers1ty of Iliinois.®
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How the West«ﬂgs One X Three + Four

A

i N

Type: /%
Exposure;

. - N
> S

Objective:

" Purpose: |

Description:

-~

e

. .

game
multiple

‘

STACZCOACH 8 Turn

Plets 3 rumbers:
Pleto 3 mova:

Tt
:

. Freny &

€

>

,

Given 3.numbers, studént constructs a mathematical
to put s playing piece in:a good position.on the game .

- board and correctly evaluates his expression,

<

expression

Provides a game—type situation in which computatlonal skllls

ab111ty to make combinations, and strategy w1n.

.

.

Two players take turns constructing mathematical expressions

with 3 random numbers from spinners.. .
= correctly evaluate his

the board accordingly.

Hmove"
Advantageous moves include:

If the student can

his playing piece moves on

maklng

the maximum result [a x (b K c)],_landlng on a town or a
shortcut; or bumping the opponent.

Options include:

PR

playing agalﬁécya frlend or PLATO setting

‘the quality of PLATO's play {very good or just competitive);’’
and having signed ‘numbers or natural-&umbers on the spinners.

*

4

¢

f the PLATO Whole Number

Arithmetic Lessons by Bonnie Anderson Seiler and Charles S. Weaver,

© 1976 Board of Trustees of the Un
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ber Stamp‘““"“"" e T

.
(The stamp locks
like thiw.}

P

Press -CRASC-
1o wreee o stemp

’
You made 3 sight-stampa.

Pleasr write an edditon mmber sentence about ¥his picturs.

YL 33+3e3+343+343+3:04

You wrote thet o three-steme and a threa-stany
ord a threw-stem and & thror.ntamp and 8 threw-stamp
and a three-strmp ard a three-stany and a Three -stamg
mable 24 anta altogether

’

Is that whae the poctyre sl = o
<
4

T Y P .

. ‘
S . =
. - ". e
Type: direct teaching. - - . ’
Slot: .instructional - TOUCH
Exposure: two segments ’ - .
Objective: Student writes a repeated addition number sentence for a given .
' picture., 7 ] L, RN L
Purpose: . ‘1. Introduces modél,;o later relate repeated,addition to
] « multiplication. ¥. - - .
S ' 2. Emphasizes the correspondence between, a picture and a
: .number sentence. ' . . :
w ' 3.° Shows how an addition number sentence can be interpreted .
' in words. - T
A N .
Descriptﬂon: With_his finger.as a rubber s;amﬁ'and PLATO's screen as a piece

»

’
xThe stamp |ooke
like thim.)

Press -[RPSEC-
40 erase o stamp

You mace 3 eight-stespe.

N

Plaass write an addition rumoer —«J« about thiw picture.
. g "

>y B8+8+3=24

Tomtaht - Ttens sng a cigt-stang

ond 8 i1yht-2tsia  maie 4 Actm sltoget her

Vou wrre U

In that wrar free pacturs - T D s [write Lws o ro)

his number sentence.

11 .o

Y

of paper, student, touches the screeén and "stamps" the paper
. . Tepeatedly. He writes(é'rgpeatedvadditioq;number sentence to
- correspond with the stamped paper.
preting the number sén%%nc i
judge t#f'appropriateness

.

PLATO responds by intér-;
e.in words and asking the student to

J



CLATM GAM.

‘>
¢ reamner b wan® (0 m the boars®

Plato's claim:
Plat  Ja,ms 17 as o tesv.e 1 Y

Al 12 ,an] 3 arnd & ard 4 and ) Ang $

Plate is tivashes e

Peasa ML-". { ¢ FIat 3 furm,

-

Fd

Type: game ’ Toe -

Slot: choice . ; '

Exposure: - . multiple _

Purpose: % To give students practice in recognizing factors of numbers
-up to 36. T S

L4

Description: Thls 15.\\two person game. There is a list of the numbers//
b ) ‘from 2 to 36. Players take turns-removing numbers from
. ' the list and putting them on their own list. After a number
. is chosen the player who chose it can zlso "claim" any * .
i : "  remaining factor of the number he che#Se for his own list.
- L . If he overlooks a factor, it.can be chosen by his opponent

at- the start of™his turn. . ]

- ) . . : .
J - * ~ o \ . £ .

) . A player's score is the sum of the numbers he has chosen.
o= . - The player with the highest score wins. :

Students can plav against a friend or PLATO. The PLATO

4 . : ;
S d . playing algorithm plays two moves ahead, except -in the'-case
) . that the player is more than ten points behihd, in which
CE ’ o caée PLATO cﬁooses the highest, number remalnlng on the llst.
. - N  The game was programmed from a descrlptlon in the Ax;;hmg;;g
< ’ . 4 ’ - N ) -
5
,‘ . ’ . N - . _‘I . ) A ’ -. N -
- - . . (J\'
. xReprlnted with perm1551on from Descrlptlon of the PLATO thle Number
Ari etic Lessons by Bonnie Anderson Seiler and CharlesS. SassT,
f-- . -© l976.§oard of’ Trustees of the University of Illinoiss- - '
(S ' ‘ : . "
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Type: . _ . dinstruction and practice ’
Exposure: 3=-5 segments,'repeats
o SRR ; ¢
Objective:. : The student understanus the standard multiplication algorlthm
” . and can use 1t to work multlpllcatlon problems

- To teach the'multlpllcatlon algorlthm 1n a way that relates
1£ to prev1ously taught technlqdes.

/.

'Describtioh. The student first 1earns how to. work a multlpllcatlon problem.

. by breaking it up into a sum of multiplications by numbers.
- - have one non-zero digit.  Then he learns how the algorlthm
o " allows him to do that quickly without hav1ng to do much

~

EE o practlce u51ng the method to demonstrate hlS understandlng.,

- . - . Py

- ' :
Reprlnted.w1th.perm1551on £rom Descrrptlon of the PLATO Whole- Number
Arithmetic Lessons by Bonnie Anderson Seiler and Charles S. Weaugr, - e
© 1976 Board of Trustees of the Unlver31ty of 1111n01s.
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writing of auxlllary problems. In each cdse the student must
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Purpose. Practlce constructlng énd 1dent1fy1ng(ﬁractlons of a set of obJects.

Descrlptlon. The student: zurns on fractions of a set of light bulbs.- After,

: . 'some success, PLATO turns -on some lights and the student. identifies the -
For this lesson the~den?m1nator of the fraction .
The student is expected. to

fraction represénted.

- . -

. N . ).

.

" . 1is always the number of lights in the set.
-* move quickly to the next Iesson (i

, the denominator is different from _
. . length of the probiem sequence adjust to the"studentjs performance. . AR

ights: -

Equivalent Fractions") where
e number of llghts.

leflCulty and

’ Reprlnted with perm1551on from The Fractlons Currlculum of the. PLATO

Q| Board of Trustees of the Univer51ty of Illinois.
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Paintings Librery.
(listed bw nemg)

Whose paintings do you want to sece? )
(type the pumber) .

-
® -

To see the wndex, by fr-ctsoﬁ press DATR
fo look at smother le"uy. press LAG.
To do a painting. oreas BACK.

. Ca
. N
]

J
.

. . .
Right, Meril.m'. " painted 23 of the.oon. -

NEXT to try a different way
BACK to choose a mew fraction

’
LAB to save this in the‘ﬁbr-an'/
DATA to look at the Library

’ . . -

This 13 b aloven

point=d 1 4 T the ko,

MNEXT gt = alyson 2 other po:nelrc -

BACK to the nome e,
1AB tc caint A Iroc?rcfm

Purpose: 1) /Encourage painting a fraction of. a box different ways.
%, ° .2)  Initiate the idea of re-arranging the painted areas w1thout
o .. changing the fraction painted. e - .
"3) Provide opportunltles to notice equlvalent fractlons. :
: 4) Let students share their work wlggjothers. _ L )
Descrlptlon. The student can paint & box to. keep in the library or look at

paintings done by classmates.
can keep only two palntlngs.
: w1th Hew ones.’ S . ¢ .

Due to space limitations, -each student
-A student camn replace his or her pain?éngs

" .

Y

- . [ -t ) N

Regrlnted with permission from The Fractions Curriculum of the PLATO

Elementa;y Mathematics. Project by Sharon Dugdale and Dav1d Klbbey,

Board of Trustees of the UaneISlty of Illinois. - ) _ o
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" Good everirg. Barry. . .70"'“41- - ’
J What shalt we make “ogey’ 4 boup fright fu=l -
i - Jieap ugly o1l ¢ . .
) -
'Aﬂct’! Far ' .° _L- N
S N
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'S / . - - oy )
o ‘ o « :
Purpose: 1) Re—emphasize that '3/4 is 3 of a fourth. o . i
- 2) Provide experience with a nmew unit — the cup. . _
B , 3) Familjarize the student with. a model that will be useful later for .
. equlvalent fractlens and common denomlnators.
» . s = ', -
Desctiption. The. student uses measuring cups to mix monster formulas in an_
eccentric scientist’s laboratory. : S : )
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- Reprlnted w1th perm1551on from The Fractlons Currlculum cf the PLATO '
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Purpose:

Experlence locatlng fractlons and mlxed nﬁmbers on the number llne.
Description: The student writes numbers or expressmons to shoot darts at
balloons tied to a number line.

. Difficulty adjusts to ‘the student's
= . performance. Higher levels have fewer. 1ntegers on the,l#ne and/or -
,";smaller balloons t0$Sh00t at. . , i =
%{' . .1; . . e k\in‘ . - R
b N) g M . ~ - .
.- 1 - ‘ . . -
X n .’\’7 . , T .
£ { t
Repr_.nted Wwith perm:.ss:Lon fJ:om The Fractlons Cu.rr:.culum of the PLATO B
Elementary Mathematics Project by Sharon Dugdale and Dav1d Klbbey, © 4975
Board of Trustees* of the Un1vers1ty of’Illln01s ‘ . -
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- Elementary Mathematics Project by .Sharon Dugdale and Da
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. L.

>
. 7 e
i Pe . . . .
- -
- ~ .
o > . L ”
“ Cw
- . Co.
R .
-
N

- .
.~ -

Purpose: ProVide.pfactice ideﬁtifying'equivélent1whqlé ﬁﬁmbers; fractions,
and mixed numbers. This is for Studenté-whoﬁalfeady_have,a.bgsiC'under—'
. standing of equivalent fractions and mixed numbers. . o _é»

- -
- -

_Séﬁeral gﬁmbers'(whole’ﬁumbers;‘fraCtioﬁﬁ; énd-ﬁiked numbers)

are scattered on, the screen along wit§32;33, or 4 loops. The studént sorts .

the numbers into the loops so.that each loop contains an équivalence set.

Difficulty-adjﬁstSfto]the'student's performanteﬂ.;This'iS'a practice .
- lesson which will appear one page at a time. T :
a o ) - Al . B . -' . . . . . ; ] .
- - \ . L ’ ' -
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... .°° . Purpose: ° Praé:tice estimating—lfi'actional diétances on & number line. ’
. R . ) . . - . -
) -'Des'c':rip’tion. 'I'tus 1s an\::ntertermlnal number llne game. Two students compete. -
L One controls a boat the other a submarine. The object is to move to a -
X e point.above (or" belovf) the -opponent's plece and shoot 1t. The number
. o llne varies from game to game.‘. ' ’ _
. . . . . S
. . T L . . .
. ‘. CT ' - . .
.~ X 3 - . } . ~ i‘ . )
: Co Repr:l.nted wrth oe:rm:.ss:.on from ‘The Fract:.ons Curr:.culum of the P,LI'ID _
.- :. ' Elementary Mathematiés Project by.Sharon Dugdale and- Dav:.d K:Lbbey,_ © 1975 ’
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‘- ® . Addition and.,Subtraction Practice with Simplifying and Borrowing
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\

.4y

Cut 1 whole pizze 3rto {1fthe.

2+ :

—1% —

)

-t

Prov1de experience addlng and subtractlng fractloﬂs and mlxed s,

Purpnse:
: numbers, simplifying answers and "borrowmng" when necessary.
Descrlptlon' The student is stepped zhrough subtractlon problems 1nvolv1ng
, Higher

. "borrowing." leflculty adjusts to the student's performance.
levels of difficulty give less help and’ 1nclude addition problems as-
well as subtraction problems. Most, but not all of the subtraction
-problems involve "borrowing." ' oo

.
~

' Reprinted with pexmission from The Fractlons Currlculum of the PIATO .
Elementary Mathematlcs-PrQJect :by Sharon Dugdale and.Dav1d Kibbey, © 1975

Board of: Trustees of the Unlver51ty of Illln01s.
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Write a-fraztion to find the‘monk-ey. Tom,

> e

P _ e
Py Py

| . &~
y Purpose. Show addltlon of fractlons on the number line w1th visual feedback
about common denominators. —- - ‘7 : , -

<

Descrlptlo A monkey sw1ngs along under a hlgh wire (number line) maklng
- an addition problem (e.g., 2/3 + 1/2'is 2 swings of length 1/3 and 1
- swing of length 1/2). The student writes a fraction to hop-a feather
along above the number. line. 1If the student—is right, the feather ‘
77" lands where it can tickle the ‘momkey; and the monkey falls off the
~ "line laughing. This is a number line illustration of common denominators;
the monkey's swings and feather's hops. match up .to show equlvalences.
leflculty adjusts to the student s performance. .

54

. Reprlnted w1th\perm1351on “from wﬁe Fractlons Currlculum oF the PLATO o L
* Elementary Mathematics Project by. Sharon Dugdale and. Dav1d K;bbey,. © 1975

Q Board of Trustees of the Unlversrty of Illlnols. S -

ERIC ° ~




- s

%

There'arel6_parts to this lesson:

1. The student is asked. which of these statements (5) is true/false.

S 2. The student'is askedqto'make up two true and two,false'statements;

. 3.° The'student is asked to thls true, then false, . 3

-and is tol that is s called an open sentence.
v

an- 4. 'The student“is/asked which of the five listed sentences are true;

false, or open.

> -

5. This part is like part 3 above buf‘has open sentences 11ke

- | . 3= E’*) +-7 _ 3, . .. . e
S | | D+O = 14 - | , | .
~and (4X D ) + 3= O R E ° S |

On the last two«the student makes g;_true and faISe with two palrs

et
] . J ‘ .
' of numbers. Lo -
6. The student is asked to make up and wrlte true, false, and open
sentences (three of each).
. ¢ .. . - Toel L
L - .

-Reprinted with permission from Description_gf Graphing Strand Lessons
by Donald Cohen and Gerald Glynn, @ 1974 Board of Trustees.of the
University of Illinois. ' ' ) . _ .-
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SRR SR ” 'RULE FOR SUBSTITUTION .
T~ There are six parts to this lesson: E - o

1. The studeﬁt;is~toldvthe.rule::'if you ﬁave an open sentence with

-

more than one of the‘samevshape,.the same. numbers must go in the

‘'same shapes. Three examples are given

: - B T - + =8 this is an~iilegal substitution
- e S ' E + (3] =38 _ v
' ' j] légal substitutions

| o “.and"._ [«] + [&] - 8 g’

2. PLATO gives an opeﬁ sentence with_numbers substituted, the student
ﬁ’ 7

has to tell if the substltutlon i legal (2) or illegal (3)-

exampte [5] + [3] - A

© 3. .The studént is given the open sentence 

(2 x [ );+D

and.ls asked to make a legal substitution three times,

~;;\\ ' 4. PLATO substitutes in the open.sentence five times B

OO+ -

the student is asked to tell if the substltutlon is 1egal or 1llegal.

Y

5. The student is asked fb make a legal substltutlon (tw1ce) in

6. The student is asked to make a substitution in the following

. o '+Ov+D'=

so that lt is legal and false, 1llegal and true, 1llegal and false,
.-\

N

B and flnally legal and . trde (two of - each) ' ) .,

~

.Reprinted with permission from Description of Graphing Strand Lessons -
" by Donald.Cohen and Gerald Glynn, © 1974 Board of Trustees.of the

_ University of Illinois. : . ’ ,
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.+ . ' INTRODUCTION T8 LINEAR GRAPHING |

N . N .
| v
—

: : N _
The student is asked to find a [::] —ngfher and a ‘L;/ -number which will

maLe thls sentence true

(2Ix [:]) + 3 <:>'.

He does this, PLAIO plots the point whlch corresponds to thls pair of numbers.

-

He does three of these, then is asked to predlct three more polnts that work
for th1s open sentence by looklng at thé graph. If he plcks a point that

doesn t work it plots an x 1nstead of an 0 and shows the pair of numbers

:

in the open sentence labelingsjt "false." Then he .can try again. He leaves
. , ) :

™~ N o
upon finding three correct points. . _ CF

J

There is a geometrlc pattern whlch is related to the open sentence and the

pairs of numbers.

L3 ° . . R
F

Y ’ - ad
Reprinted with permission from Description of Graphing Strand Lessons

' by Donald Cohen and Gerald Glynn © 1974 Board of -Trustees of the
University of Illinois.- Y
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s : PROBLEMS WITH LINEAR GRAPHS . - .-

¥ * . +

The student is asked to. choose one of seven different ptbblems; such as

write an"open-sentence whose graph goes through the point (2;6). -The student

is given the form (A X [::]) + B, = <:>“and asked;to fill in A and'B. Tf -/
e~ : .

'lncorrect, PLATO plots ks’ graph lists ‘it under

"‘ncerrect ‘rules™ and he is

} -..

- asked to try again. If the student is correct he is asked to. f£ind enothe:‘

{  way to do it (if that is'possible). After three attegptg (right plus  wrong)
he is given another point like (4,9). The - student 'can come back to this-

« r

lesson seven times. °© t o : .

N

- .
« -

: : w
The seven problems are: . . : S ‘ Lo -

1. Make.uﬁ an open sentence whose graph'goes threugh the point (2,6);

> e -

2. Make.up an open eentence-whose graph is flatter than the one we glve you

3. Make upfad open sentehce whose graphrhas the same over-up pattern as the ,:

one we 'give you ' T ;. N . .
4. Make up an open sentence whose graph meets the one we giﬁe_you-at the -

point (1,5) - S - : L .

"’ 5. Make up an open sentence whoseé graph goe$ through both points (@,8) and’

@2 . | S I
. 6. Meke up an.open eentence<which‘will be at right"angles (90°)-to the one
weréive you- | | | i
7. ﬁake up an opeﬁ;segtenee which.wiii go‘throegh these three'points:
2,5), (3,7), and (5,11) |

6 ’ 7,
, .

Reprinted with permission from Description gg-GfePhing Strand Lessons
by Donald Cohen and Gerald Glynn, © 1974 Board of Trustees of the
UanerSltY of Illln01s.“ * . '
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In problem 1, the student is glven

- 2

R (- D)+B-‘O L g

‘ and is asked o put in an A and‘Bﬁ

the form

PLAIO then plots the graph whlch ‘cor—

.responds to this open sentence."If_it goes,through the point (2,6), the

~

»

. student is asked"to do itﬂanother way. If the graph doesn t go through the

.‘~

p01nt (2 6) the student is asketho try agaln, llstlng the 1ncorrect open

. 2
>

sentence on: the 51de of the screen.

S

open sentence is given.’,

’ N Y

After three 1ncorrect tries the correct

13

[\

Thé other problems work in a similar manner. - L : Ty

>

Lt - s, - - - -

heprinted with permission from Description of Graphing- Strand. Lessons

O

s

by Donald Cohen and Gerald Glynn,
Unlver51ty of IL&1n01s. '
. I S

- = <

© 1974 %oard of\grustees of the

.



TOWER PUZZLE (GAME)

22

LAR

.G O

[

This isQa,gamefused later'to'derive;an empirically—determined'function;f

The obJect of the game is to move the'plle of dlscs from one peg - 1(1eft),

ER

m(mlddle), or r(rlght) — to another peg. - . - 7, S x
- . L ]
1 n : r
‘The rules -are: ( ) :
1. you can;onlyvmove one disc at-.a time - : . .-

' 2. you dan't place a larger disc on top.of. a smaller. onme. -

\r.

-

N

The student is shown how thls is done for flve dlSCS, then can choose the

e e

" sessionm.

-

o

-'number of discs;he wants’ to play with after choosing'his starting‘anq;ending

' pég.. The student plays one game, then can. choose to play again at another

-
M
A
;D
. .
v .
-
R
-
1)

R . . - 'Y;M-'.'- . . res .
Reprinted with permission from Description of Graphing Strand Lessons

' by Danald Céherr and Gerald. Glynn,
Unlver51ty of IllanlS.
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’ f ’ A sample of Student Work oy

. Some of the lessons on PIATO are "iEbrary"-lessonS;
' . the student is able to save his work so others may see it. He can alSo
- . look® at -work saved by ‘other students. Orte ‘such lesson is the Paintings
:1' *° Library. Heré the student must paint a partlcular fraction of a box.-
“.. ' the painting is correct, it can be saved in the library. Heretfre a fe
'of the palntlngs\students have placed in the llbrary .

A T

- . .

. S This is how keiran b paintedt 2.3
the b, ) .

This 13 héw m=g { painted S of

WD

If
W

T s ' A A
3 c-f‘~b}‘-{.~ ko

In these lessons:

2

B S o
R A AR ST
- N hd ) . . . -
o . R LR " a o " This is how lawsten t parntead 5.9 'of the box.
. T.hl_:_; 15 s chare! ‘s palvdad §.4 o f the"'l',-\::'—‘.l . - ‘ " <
,
. .
t
{
. ! 5
‘ L)
. . oo
, - > <8 :
Q - : - . ‘ g
g»wiéﬁﬁ.:’x_} e : _ . . o o

T
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- N “Educational Effectiveness- - i}

Y

, -

In 1974-75, and again’in 1975-76, PLATO Elementary Mathematics.
materials were used  in about a dozen 4th, 5th, and:-6th grade classes.
In: each year, data were also collected from about a dozen roughly
comparable non-PLATO . classes. In 1976-77 PLATQ Elementary Mathematlcs
materlals were used 1n e1ght 4th, 5th, and 6th grade classes.*_
: . Analyses performed at éﬁﬁi have been orlented toward determining

o ~ strengths and weaknesses- in the curriculypm,- rather than toward produclng
an overall "proof of effectlveness". Nevertheless, the available data -
imdicate that having PLATO present in elementary classrooms can: have -a -
p051t1ve “effect on the mathematlcs achlevement of the puplls in those '

.

. classrooms : : . L - ~

N ‘ .
L. . ~ i N . .
. Sepe R . - ’

'For example,—in 1975-76 the Level 2.(Form R) offthe_Comprehensive ol

Test of Basic Skills, a standardized test widely used in public schools
across the country, was admlnlstered to most of the PLATO and non-PIATO
classes studied* (a different test was. used with a few high 6th- grade
+  classes). Pairs of PLATO and non~PLATO pupils wexre found who were
essentially ldentlcal in enterlng math level -as measured by the. Fall
(pretest) admlnlstratlon of the CTBS **.; these pairs were drawn from
classes- that were matched by grade level and roughly comparable as to
chlldren s ability and: nelghborhood background The CTBS was admin-.-
istered- again in the Sprlng as a posttest measuré. Results for the
. matched pair sample are given in the follow1ng table. (Un{ts are Grade

Equlvalents (G E )). ) . , ..
) ' Fall i.: Ce Spring;f E .Galn"“‘_
(:m& - N ‘Meap S.D. | Mean S.D.
PLATO 129 5.0 1I58 6.4 1.70 1.4 o
" non-PLATC 129 5.0 1.62 . 6.1 1.66 = 1.1

L.

£

As shown in the table, ‘the average PLATO. pupll ga1ned 1.4 G. E.

in math.durlng _the year, while the aveérage ‘non-PLATO puPlI galned 11 _.H_..,

4 + G. E. There-is-less than one- chancexzn -a ‘Hundréd. that .a differénce:this:
large could have occurred By acc1dent (matched palr t(lZB)-Z 807, p— :
——— - _— - 0058) .. - “:_A.“_——,_ . o . » » ] - ) - . » T \
« - . - . - - _ .\\‘_/;.‘7' - .l . ‘ ’ ’ ) ) - V

. , *The . CTBS data from the 1975-76 trzal were. gathered under the. aegls

. of Educational Test1ng‘Serv1ce, Princeton, -New Jersey, under an NSF &~ .
.~ contract. - The analysis' descrlbed was a byfproduct of formatlve evaluatlon
- work performed. at CERL.. 'We thank ETS for sharlng the raw-data-with us. “’

. . -*%Although the cr1ter1a used in selectlng these,palrs were very %

stringent, the number of .pairs obtained was 75%.0f the maximum number of ﬁl» B

<)

pairs that could have been obtained if ‘comparable standlng on ~tlie CTBS—
.-had not been’ required. Hence, the results for the’ matched palrs may ;

(

S

A i7ex provided by Exic - . . .. - - | .
- : - - N . TLer . - . e T~ .
Do oLt . . . . oL : Co AT i £ . ~
PP e e . . ! . L ) . . R B . . .

i S S L . . .I_._,l_..___;_.._._.;,_-l,,,.._.,,__...__, . _..__...-,_.___.__f_._:.

. gr"" e

I:R\(: confldently be taken as representatlve of results for the total sample. ;_ﬂ»s

N :
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Data analys1s for-1976-77 is stllftln -progress, but prellmlnary

.

:results show a mean gain in PLATO classes ‘of two full G. E. Detailed

-
-~

analysls may attenuate this figure somewhat, but the gain by PLATO e

classes in 1976-77 is clearly greater than the correspondlng gain
shown in the table.above for 1975 76. :

There are several reasons why the data d1scussed above . may be taken -

seriously. (a) Each trial involved hundreds of pupils, not:the one or

two classes of many educational: experlments. (b) Each trial lasted the -
better part ‘of a school year, mot a few hours, .days or weeks. (c) There

have now been three successive trials in each of which PLATO classes
have done better than non-PLATO. classes. ‘Furthermore, the superlorlty
of PLATO group performance has appeared to be greater each year than

jlt was. the year before.* . . L S

Attitudes

§One could 1maglne an educatlonal treatment that, whlle effectlve,

‘might be. dlsllked by pupils as a- ‘result of being too demandlng or boring.,
All ev1dence shows that PLATO is NOT regarded in’ this way. For example,
math pupils- seek extra work sessions on PLATO far more often than they

?

try to av01d as51gned sessions. Results of a- written attitude gques—:

'tlonnaJ.re given in  1974-75** show that pupils not "11y were enthusi-

astic about PLATO math materlals, but that their attltUde: toward math

itself, and ‘toward their own. ability to cope with math, clearly improved

_hw1th'exper1ence on PLATO. Teachers' observatlons support these findings, .-

even:to the extent that agcess to PLATO is, ‘sol imes used as an 1nceﬁt1ve_fﬁpi_;p
to 1mproved scholastlc and social . behavior unrelated to PLATO or ‘to math.. .

Thus, it would appear that the PLATO Mathematics materlals, besides

being effective, are intrinsically motlvatlng as well. The puplls learn

a lot, and they llke lt.

[

. *For further 1nformatlon on the change from 1974—75 to 1975-76,.

.. -see Section 3.5 of. the Flnal 'Report* Demonstration of the PLATO. IV
- Computer-Based EduCatlon .System, A Report made - under the NSE. Contract
‘C=723;. Computer-Based Educatlon@Research Laboratory, January l, l972— Ve

June 30, 1976.-'(March,_l977) o S T
**We thank ETS for Sharlng w1th us - summarlzed results of thlsv ~

P

I3

;(



; R .
o o
. ; 27 o
< . ' ) N . N
o+ . w4+ ' - ) ..
i : . N Lo : : : a
' 4' T v e ° ' . _‘_ » 2 ”
L2t _ A o S SYY R N ——
! . i . ks ' ! . H
! - r ‘\. 2. X 4 . A . ) s . i “ . !
ST Y § . “ o Iy I I . PR A8 alls &
£ H] - " N rod
2 X ~ - -3 A 1
- - R y
: Z 8 L i |4 y
oz by ‘ K ' A T ‘a8 - ﬂ .
o 6w - T - F. r ¥ o v ° - ) K
EN -4 : S TR T sty WL oas it \ T!}‘ o
EE - r—— | gaS i ———— ‘ . s 15 T
S I e Y3 I A N R A N IEECRCEor§ I Y R R RS ~|.,|f.f - YOI AR
- IR RN RS O . I SN oA gk i Y . BREREER ﬂ'; S e
5 Al fl(& 3 KR R TR R e s R oA YA AT AR - (A O R A B L
o i — % R e
Sl I i T o |1y . J_T _—
. 2L 197677 PLATO . L e 1976-27 ¢ “PLATO Y. 0 1 1976-77 PEATO
» - T : " Grodesr 4  Teocher tgt . - . Grade 4 .Teacher *h7 . . ST . QOrade 4. Teacher vo°
1 - 2 2o S - SR _—
. e r 18 + I8+
v |
o & - 9 N a + M
. ;" B ] ot 3 :
e 81 v s 4 € °1
© <. L
H s a
s B 4 - Z o7
« S B . )
v & . ' T
e ass < T T s
» - > U=
K : 2 =
&t — E xS
” R A e < s
& ot ‘lt o o
4 . 4 4
5¢[T 1! ~ -5
FIE i . 2 T 3 - )
L 1975-76 . PLATO oL f . 1975-76 PLATO -l T 19vs-76 " PLATO
e Grade 4  Teacher "d~ - : Grage 4 - Tascher *=” : - Grade 4 Teacher ~f°
(4th graders from a mulii-grade =lass: | . N

o + g e B L p .
. . e, £ R Sl . . a . PR ) g vl - ~
. ; - 3 > N ~ - - Mo
o L ~ . ° 4 o 3 - K
: i - : - g ‘ .
C '- - . - eda
L% 2T 4 . 2 8 - Teoo. A
s il - Iy MR S iy K - N
N : CE o Yy 2 R 1 -
$ o ] Sz 7 .. e Ce &/_ z Lo
¢ < < .y : / &
= - o e+ - . . . o
b } P ' 4 L g
i 2 S 40 N . x
¢ s -—F LUN S P e - - e &
. R p - l W TL AN TR Y T e -
- s A T .1 4 bl - sl A 14-“1."*1;4 S -
) PRIPE ) | HIALEE
L s e PR sl 14 i s
o boat sy STHIEH A '
3 4 .. . ° s : )
I '“I 4 0 . R o » .
s 5 1978-%6 . MNOM-PLATO L1 1975-75 MNON-PLATE -,
7 TReade 4 Teschar t3t - . L TRD S Orade 4 Tescher cp S
P " ) . I Sl T
' : . -v--\._._, - | — +— § . T

Fig. 1. Changes in arlthmetlc standlng (1n grade equlvalents) of 1nd1v1duals in
. PLATO and npn-PLATO 4th grade classes.y Each vector represents a specific student.
The tail of the vector'shows the studert's grade equivalent on the pretest; the
head of the vector shows the student's grade equivalent . on the posttest. The
shaded area on each graph shows the "expected"’growth range of a 4th grade student,
. frow 4.0 to 5.0. The bottom row of graphs corresponds to the 3 non-PLATO classes ..
.tested in 1975—76. The middle and top~rows ‘are the PLATO classes tested in 1975-76 °
and 1976-77 respectlvely.. The noén-PLATO classes were chosen as comparison classes
-for the 1975-76 PLATO classes._ -(No non—PLATO classeg were. tested in 1976-77.)
Teacher "£" taught a PLATO class in each of the ears. PLATO vs., non-PLATO

4differences have. usually shown up most clearly the 4th grade level,- The test’ o
o \ Level 2 Form R, 1968-69 edltlon. ‘
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. Data Feedback to Teachers

T o "

3

R . - PLATO offers the teacher much 1nformatlon about the students'’ work.
Se -_The follow1ng types of” feedback have proved most valuable- . . -

- R 1. An over—all v1ew, grade—book s le, of’ students pré?ress and .

" e performance in’ selected key 1 sons-. ' . D S o d
2+ A llSt of students who appear to.be needlng human helpoln 1mportant

S T lessons. The student s name .is-listed with the name of the problem

- o lesson and a short explanatlon ‘of _the dlfflculty. DT o

4 Although thls 1nformat10n has been avallable to the teacher through

. the same- terminal that the students use,  teachers have appﬂecrated the .

v extra convenience of having a hard-copy of these "two: features mailed to .

. .. . them once each week - They have used.the terminal to seée up—to-the—mlnute I
' 1nformatlon and to see more detailed data. For:example, many lessons : .

report diagnostic ‘data to help teachers’ pinpoint the student's difficulties.
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